(18) BJMDWHF/f (JP) 02) ^ ffl ^ (A) 



1-135832 

(43)&MB ¥l£l 1^(1999) 5 £21 B 



(51) IntCl. 6 lg^JfB# 
H01L 33/00 
21/205 
HOIS 3/18 



F I 

H 0 1 L 33/00 C 

21/205 
HOIS 3/18 



(2D mmrnn 


^¥9-311518 


(7i) mmx 


000241463 










(2Z)tHmB 


9 ^(1997) 10/326 B 




















S^i5#B#IIU#BWr^«^fi«B 1 








































inn AS 








**urb* b#sp# b tixm&'Z&m 1 














(74)ttSA 





(54) BeiniD«ft] aft*y^A^*«*»#R)^©«jft*tt 



(57) [mm] 

bricS/isas^**^ roi5±l:, GaN a>$>ric5Jf 
iiho Jf 6±tc:i4, SiQ,^e>fifcSJKff*?)200oAoJBi© 




Z>m2<D]g3 £/£fi£i*:£ 0 GaN 14, 16© 

±fcj**l,fcGaN H^'i U, GaN *S«*|ftte3i fc e * * 
v't^St^o 5 GaN j&SGaN &%£k LTJ® 



iiutESS 1 ©JfTiSfcih/O^v-'v'y =><D&ttiU$:&i: 
LT, *f ^^V+A'fiftftS-a:, BulE^ 1 ©»©±«-C 
14, «t*lR) id re t" * 3- Jtsri $ 

fc^t^y !7^(GaN) *{t**¥i»#*^J*SJB2©a 10 

i&j&m 2 ] ->!)ay (si) mm t , gui5-> y 3 ^sis 

3©/fi:, Witzm3<Df§(D±\cB)$.£i^ i!ufe$?3©/l 

mJfESB l ©JlTigfrnTV^v->|lfiSESS3©Ji©Rtt}g|5& 
SiLT, 3it°^^~>^yv^g$^ 8&!ES1? l ©Ji©-h 20 
&PT-I4, i^fiitif^af»>-v;i/^g§-&5ri:T?M 
Sixfc»t^y *A3Mb£»sN*tta»?>J*3JS2©Jli: 

[ffS#JS3 ] fulEfg 1 ©SI4, 3 >-(Si0 2 ) 

tt**Kof y 3 ^ (si) e.^s r t *¥?m t -r sis* 

g 1 XW:M*K 2 fc|E«J©aflS# y !7 A JMb-fr»¥* 30 

[§S*^5l 8tJfESi3©JII4, Al,Ga,.,N(OSxSl)/!>> 
i-r i:Sri|tmti-5fS*:«2{c|El^W^{k^y !7^3Mb 

iti*:«6) i^y 3>-(si)sffi±»s^y !?^<b 

£*¥**©»li6;fri£K:*sv'>-c» 

SutE->y 3>s«±i-, •>!) 3 ^CDgtBgB^^-rs 4. 

•fb^y !>A^{fg-*¥*^ s *»±lc:3if^#v'+/v^ 40 
*L*v%JBi©Ji«r»J«U 

fi&lESii ©STilWx-o^v^v-y ^^comtti^^b 
LT, aif^# m/IEH 1 ©Ji©Jig|5T- 

C A»Yb**¥i»#:*»fe*5« 2 ©f^fS r t £ 

[«f**7] ->y =H"(Si)£«±©SHfc;tf y ^^mfb 

mifE->y 3>-^iS±li, Sfb^y ^Am-fb-^^^fli^ 
bJ*$!B3 ©B£JE?J*U 50 



^BH^F 1 1 - 1 3 5 8 3 2 

2 

BfJf£S?3©JI©±tc:, mlf5?i?3 ©jf ©^ft^^l"© 

SufS^ 1 C5®T-?g^ixTl.-'4V^ieB3 0?®«OSaiSl5^ 
&b LT, ittjfEl? 1 ©Jf ©± 

#y 9A*<b*»¥*#*»&j*3»2©»*®js-rs£ 
[!i*«8] Hutemi coil ~®Hb->y 3^<sio,) 

tt^ft Sf© -> y 3 x (si) a> b f& Z> r. i: £ #M t i" 5 lit * 

«6xi4»**7 ^iE*©a<t^y t^mt&^mm 

UmMmiO] f!JfE^3 Wjlf4, A],Ga,.,N(0S'xSl) 

f£-fr b*1&m k-t SfS*:« 7 {i|E<ife©^b^y 
<b-^^¥^f*©i^5t^jfec 

[IS^Jf l l ] idlEf y 3 ys®« SulBm 3 ©S, fiff 
IEmi©^©5^, '>4 < i t->y 3 ^StE*l**L 

[^w©p*ffl4tftw) 

I 0 0 0 1 ] 

l&Wom-tZ&mftm *«WI4, -®5tAl,Ga,In 
,-,-,.N(0 gx gl,0 gy gl,0 Sx+y £l)<D&1t#V 

tgic->y 3^(si)^^v^fc'b©^cM-r5 0 

[0 0 0 2] 

^ff-Cfcy, 3g3tyw*- K(LED) -^u— ¥#4Hr-Y 
[0 0 0 3] 

3)5S«T*I4, t77-<7Sg±iriW!)9AM^ 
t ©S»»a«*JSlc J: K> , ^-fr'Jf W7y 

t77^7 14*feig:t4 T-foS <DT\ mm^M LTRI— ffi« 
lij^m^S:^i-S^®^fc«J, ^©fcfelrffitgJ-jfi^ 
ffliJIi fcSnli T'©3; j/ ^ V S £,£^5 & 5 fc ft Id 
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x^z<dx\ i — vettAfttt^ Zffltmm 

[0 0 0 4] SoT, #3BW0>BWWu ±SEHlHfcflE 
[0 0 0 5] 

y a^(si)stsi: % ->y=i^s4E±^, s/y=v©»u 
©A*«K»**n, »b#y ^a*^****^* 

©±l£^fc***->^/H£SL&V">8!l ©/ft, ff^icojf 

[0006] (Si, r r-c^5$t:£fo£t4> Sts^®;^ 
ricft-fri\ ->y ="^3£«©aiHlt»*»fe**Lfc**s, SB 

©*s*» -> y =■ ^mm t mm y * ASHt^fe^tt t 

L, ^(p](-t4^ftL^V'o SEot, 8ll<£>Ji©_hfc:*3 30 

So 

[0007) ?#*:^2iria«co^liJ;mi, ~>y=v 
(Si)SSi:, v-y 3V*4R±K:?gfia$ixfca[{b^y ?A 

? A 56 fe¥*^ 5 * <D ± ir m fc* ^ * > -V /Wfigft L 

W«*r*i LX, =t^*S/-rA'riHI**, il©I® 
± g)5 T !4 , «^[=llcxt^3f->t $ -bt 5 r T 71? 

[0008] rro«^ic«kHff, JR2©»W\ S<b#y 



1 - 1 3 5 8 3 2 
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[0 0 0 9] MNi3f3<D3PJl4, w,Kom*, -mtf 
y 3^(Si0 2 )i: bfcr irTfc^c r It 14, IS2<s> 
a&Al£-££fcv^b#y l)A^M^«:tt5: 
£T, JRl ©S©±fc«a:f ^df->'-ir/Hi:i*fc:, 

[0 0 10] M^^cT^^te, Hl<DJI£, iS8fc£& 
Lfc£fUtt#«3f©->y =v(Si) £ Lfcr t 

tB£*5. f^is !Bi»ASrWLfcA«i:tt2 0 0 0°CJ^± 
©»***ri-5A«-r*>9, 0!l^«> Nb,Mo,Ru,Hf,Ta,W 

as-ktf fen*. 

[0011] S»*3f5 ^IE«6<7?^PJI4, g3©l^ Al 
,Ga,.,N (0 g x g 1 ) FjfiK S S ± 1-GaN h>l& -5 

^2C5^SrGaN ti-4xt*\ GaN ZtZtLXGaH SrifSS^ 
ft^-tirS^ir^XtiJtfclt, J: 9, ^ B B B ttroSv^2 

[0 0 12] ||*3S6©»Wtt^ 

«iS*ft-C*,5. rro^ftirj:9, Sf4«fi©ift^ 
y !?A^b-g-#)¥^Sr#5r£^X#5„ ffi*^8, 
9, 10 14, fS*fl 3, 4, 5 £1^ — O^y^^Pf-So 
W*«l 114, ->y = ySS, I3©I, 11© 

®cno-h, >p*t< ir^i/y ^vS^iiLT, 

9, 3£&tt©&v^b;tfy i7A^<b^¥»fls*^ro^ 

[0 0 13] 

&>5o v-y a^Stgl K)±!t(4SiO ? ^bfiic-5JII/¥^2000 

Aroimi <z>m27!>i* h7<<7°vi mi <b> > ^i4is^ 
j* (en (c) ) ic^^htv^o ->y = vats 

1 ±<om 1 2 Sr|8^fc|»HJffl«B»T/fl5 1 ©if 2 
±Jil4GaN *»e>JEjJE*JBIfl[#?)10/i m ©^2©i 3 *SJg^ 

[0014] rWGaN ^{b^¥^'«K^)* 

r>*wts^m^1 ; ii*fiffi- («T tmovpe j tras-f) cio 

SSitSixfCo MOVPE XfflV^bHfc^^J4, T>-^ = T(N 
Hj) > Jf-f!J7 ^'^ (H : , Ni) , h y ^ ^/U^ y £ -A (Ga 
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(CH,) S ) (£TF TTMG j £151") ThZo 
[0 0 15] tf, ^s/KSSfflUHFi&O^iOfcfljV^T 
8fe*Lfc (lll)gB, (lOO)ffi, Xi4, (HO) 
Lfcn—>y ^ySSi SrMOVPE«B<Z>RffcafcHR 

fii^-^y/L/c 0 S«i±KSiQi*»bj*5 
«l <£>J1 2£r;*^s'* y >^fc4 9IRff*$2000A, *ga 

« (Hi (b) ) Xlift^tt (Hi (c) ) fc»j*L 

/Co 

[0016] Jfcfc, MOVPE ffifc J: 9 Sffi 1 OJft*S:600 
t t:iCLTN 2 3l{*H 2 ^201iter/^, NHi Srl01iter/#, TM 
G 4:1.0 X 10 Hj e/U/$h H 2 ^^i-<t 9 0.86ppm iZ^m 
£ frfc 5 >- & 20 X 10^/U/#T*{ft*& IT, Rff ft 1 0 
/imOGaN SrJKfifci"* C l£ J: 9 , « 2 3 Sr*#fc 0 

rot*, GaNji, =i ySKi ©■wttBosxy =2 

/LGaN Lt, GaN EP*>> S/yaylS 

^8 3ft ^>y = o«ttj*BBjr*r^K*ftj^te 

t<tSitt% >E:v^gD^*ic:^goT^ B B B tto^^f^GaN 
1 £>JI 2 b*<D±(DGa\i Wb#MfcJ6* LTVvfcl^fcfc 

[0 0 17] ft, ±BJIIfc«fc:»V*T* ^h7^/^X 

*K*H#IHiftK t * 5 , »l^l2©(ia^l/i 

z>cot\ H£ l< tti —lo^motgiaasai^o ±ie 

**«T«^y ^>Sffil OBtB«FBBOrai»bSr5 /im 
Hf:^ »Uft5BOraP»bd5lO/i mS:Sx.6tteffi* 

£<z>»*a**g;*: U BttffiB4>mHb#si /*m**fcft 
1 ~lO/i m«><8H* s Av\ ^2 0/§3 <^£ B Hf£tf> 

[0018] ( jg 2 JUfcffl) ISog 1 »KS«TI4, |R 

1**14, v y 3 1 (D±\z.mit$ v v ASMt-fr** 
^MMit, *G>±te»fc#y !>A5Rft*»*w 

[0 0 1 9] [12 14, **WoJB2^|WltW(i:«to5a 
{b# y l>A»{b««¥«#^R!rS*A«:«Lfc«ia:BT 
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fo5 c 3^S4Sl 0±tdl4Alo.»Ga e .8sN 7^<b/&£ 
mf¥-moooA<D%$3 <DJ§ 5 1>Wf&£i\, :^3(^)I5 
±^SiM^^5JHJ?^j2000A<DBl 0«2^»1||J£ 

X> ®3O«5tDBttl<FBB&LJ ? mi^>«2 60±ffl««A 
K14, GaN **fefiR5BIJ!E*&10|imOK2©Jl3i5jg fi |iS 

[0 0 2 0] r CO GaN 3Mfc^tt¥i9#0«iift#ifc 

10 ££>*Ttt, ±B5«l^J60!ltH«-C*>So -^l> S 
Si ©a*Srll50ttefR«FL, N 2 X14H 2 £l01iter/:&, 
NH 3 &101iter/$h TMG Srl.O X lO^/l"/^ hp^ 
^^T^^!>^(A1(CH 3 ) 3 ) («T TTMA J tBrt) * 
1.0 X10-**/U/#\ HitfXlcX 9 0.86ppm fcftfRSft 
^^^>-4:20XlO- B ^/l-/^T'tt^L, RflEJKJlOOOA. 
SijRtfl.O XlO IE /cm 3 OAlo. 15 Gao.8 5 N ^^5^3^ 

[0021] jg i nife^jir mmz, w,s(dm 5 ± 

l£Si0^bE)c53?l <E>S2Srffi&ff#*)2000A, »ga^5 
20 jum, ^30S5©Btti«f5BOraiBb^5 vm<D* h 
^JRXtt»-?«fc«Mfc-*-5. &fc:> » l Hffitfi £: IrI 
Hit-. 2 Rr/Ji 3 oil 5 oRffl«B±t::reffiia 

10m mCOGaN 20f3 0 r<^t 

#, GaN 14, »3 0Ji5 0RU*FPBOAlo.i5Ga 0 .a5N * 

2 0lfl*«ATtt, m3 0il5 0B/±igPB±(r^SL 
TtGaN LT, GaN «*f^(^ t^dr:>t;«g 

i"So r^J: 9 id LT, »1 (^l2Wi3C0l5(7)I 
W^±{-GaN ^W5|2©i3«^S 0 
30 [0 0 2 2] _hB£l-7^£*L6 4 5 t-> GaN J4Al 0 ., 5 Ga 
o. 85 N t»iU, 5fc~f> **t60"C, SifettirL*: 
»*tett^<TGaN ^ B B H tti44^^< > JJ 

= 3^14, s/y 3^*«i*»e>jBio«2*"c 

O^ C Sr«F«Xl43i y 3~>-sf\z. 4 9 r 1 4 

[0 0 2 3] *3**«-ett, »3^a5^iafi8SrAl 
o.»Ga 0 .»N t Lfc3&S, ttg#l^i:bO— iSSiAl, Ga y In 
N (0 ^1,0 ^1,0 Sx+y 

40 ») r ^ ^ § c v^^y| 
Si ±i-^t°^^>' J r/^S$ii-^(c:i4, Al, Ga,- k N 
(0 ^1) (A IN Sr^tp) *SS*LV\ ^/c, ^2^ 
13 14, ffiiSfflfifeltO—JK^Al.Ga, In w . r N(0 ^x 
51,0 ^y 51,0 5x+y5l)Og<ffc#y ^A*-ffc*»* 

14, S?3O»5<DlKffSr«?il000At Lfc^s, S? 3 coil 5 
OHMJ?^500 A*It*fo5i, S2coi^|p](Z)M 
*53B<*50T, m 3 Oii 5 OBSffttSOO A£A±Tfc£ 

50 rt^gj 
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[0024] (i3 mmm) m&om 2 « 

ft* LfcfltSCHTfcS. ^> y = vfflK l G>±fcttAli. a 
Ga..«N 36^fej*5BtJP3|ftlOOOA<7>« 5 36SJBfi!l*^ 
JB5±»^ GaN ^b^5JHff^l000AO«6/j5^$ix 
TV^o Ji5fcJi6*r*3<B»*HSfifc3ft6. 161 
Ktt, SiQt^&A«KJ*M2000A^»Rl <DJi2*±1B* 

5 0 ■6»V*l©i2±Ctt % GaN d>t>jASKVttlO 

. [ 0 0 2 5] r CO GaN 3Rft^to¥*#G>*!3ft*85 

MOVPE !9l5^Mt5i:r5*m fR2MM 

itffitfc^o !5©Mi. S5±(rM0VPE ftfcJ: 
<9 Kt£ 1 <O^Jg£rll00°Cfr L TNiX lift £: 201 iter /£\ 
NH, S:101iter/#, TMG £2.0 XlO^/l'/Sh H 2 #;* 

«fc 9 0. 86ppm lZ%r$R£ntci<'7>'%20X10-*=£/l'/ft 
TMLT> GaN S:»J*U KffttlOOOAoJB 6 Sr» 

[ 0 0 2 6] Jfcfcl, 11, f 2^M^I?li^ Jg3 0> 
W5±^SiQi^feriiajRlOJi2«:8tJWfi2000A. *S a 

b*S*2©Ji3 «r**S^:5 0 r<Oi:£, GaN tt % 'J| 

5 0 ^it, %\ com 2<o±um^iAx^ me<Dmm 

»B±Kfifcfi:L*:GaN ^at, GaN j&M3S;frlp] t-^ t° 
GaN j&SGaN SMgEi LT|fc*lfitefc#3&fatet> = 

[0 0 2 7] #3Mfc0lJ-Cfc, 

tt, S/y3^»tEi*>blBl<^Jl2*-C«>»^CSrW» 

JB6 £»2(Pjf 3 £&GaN HfA H6£3?2co;i3 

irSrlB]— ffifiKJtCO— JKsSAl.Ga, Iiw,N(0 £1, 

0 ^1,0 ^x+y <l)<Dmk#V 9A»ffc^¥8Mfc s 
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[0 0 2 8] ±K©£*iS0!ite*^-t\ JR2<0JB3fcGa 
N St/BWc^ ffiSMj*Jt^InGaN*fflV^TtfiV\ Al 

h9>f ^ttXtt*-f«fc»«*ix6JB 1 <^S2S:Si0ifc 

\zmmmtlZ><DX\ GaN ffc**¥*#Off£;£flfc:*& 
— te««ftJ:9 A»^at-f-r kfrx%Z> 0 9 is is 
(w) ftfKBt^&JR^ r*/^7 7^SiSrfflv>fc«i^ 
\ZL\t s ffi*#flritHs<^— JttiGAl.Ga, In,-,- y N<0 ^x ^ 
1,0 ^y ^1,0 ^x+y 

Al.Ga, Irw>.N &f&2<omk LTfflV^rt^t# 

^T, MOVPE }fett*£E*H**TfTt>ttfcdS, ®J±j£fi 
[0 0 2 9] bixfcGaN *ft****<»tt, 

30 [Ell] #«WG>JI#W** l **«fc«t>6ftft^fy 
[B2] **K^A#W*»2||J6«^«tosa^y 

[S3] *«woA^*si3ii*«^«te5aft^y 

1 i^y 

2 fl 1 COS 

3 S?2(OS 
40 5 % 3 coil 



